INTRODUCTION
The surface of a ship is traditionally described by a mesh of intersecting curves called ship lines. Ship hull form is very much complicated due to its 3D non-linear curvature since it may consist of flats, curves, arcs, knuckles, etc. depending on the complexity of the form. For this reason, various mathematical approaches are developed to deal with this problem. Fairing of ship hull surface is a principal design requirement of ship design process as it affects the ship's hydrodynamic performance, stability characteristics, sea-keeping performance etc. The offset table generated from lines plan 1 is usually used for the calculation of ship hydrostatics and stability. However, due to few data available in the offset table at lightship condition, error may arise in the computational results. Many past accidents occurred at lightship condition forces designer to find better way to compute ship hydrostatics and stability more precisely especially at light draught condition. In this paper, different curve fitting techniques are used for fairing of ship lines and their effects on computation of hydrostatic characteristics are studied.
In the field of surface modeling, geometric complexity of ship hull form [1] [2] [3] [4] gives many difficulties in surface modeling technique that can describe the irregular topological characteristics precisely. A number of methods has been developed to generate curves and surfaces from a given set of data points, e.g., least square method, cubic spline, Coons patch etc. In general, the principal shortcomings of these methods are their global behaviors that any local change affects the complete shape. The Bspline curves and surfaces [5] [6] [7] introduced the concept of control polygons and meshes which provide more intuitive geometric control over the shape.
At preliminary stage of ship design, it is essential to have the data of a fair hull surface 8 before proceed to perform the production tasks and detailed design calculations. Clearly, if the hull surface is not fair it is necessary to carry out a fairing process to obtain the surface with required fairness. The naval architect requires the detailed hydrostatic particulars to check whether the hull form generated at the preliminary design phase has satisfied selected design criteria.
The aims of the present study is to investigate the effect of different curve fitting techniques such as least square, B-Spline and cubic spline on fairing of ship lines and computation of ship hydrostatics.
THEORETICAL BACKGROUND
There is a number of curve fitting techniques among which three methods, i.e., least square, cubic spline and Bspline techniques are chosen to represent hull geometry of ships.
Least Square Curve Fitting Technique
Least square is a mathematical optimization technique which, when given a series of measured data, attempts to find a function which closely approximates the data (a 'best fit'). It attempts to minimize the sum of the squares of the ordinate differences (called residuals) between points generated by the function and corresponding points in the data. Specifically, it is called least mean squares (LMS) when the number of measured data is 1 and the gradient descent method is used to minimize the squared residual. LMS is known to minimize the expectation of the squared residual, with the smallest operations (per iteration). But it requires a large number of iterations to converge. Suppose that the data set consists of the points (x i ,y i ) with i=1,2,……,n. We want to find a function f such that
To attain this goal, we suppose that the function f is of a particular form containing some parameters which need to be determined. For instance, suppose that it is quadratic, meaning that f(x) = ax 2 + bx + c, where a, b and c are not yet known. We now seek the values of a, b and c that minimize the sum of the squares of the residuals given by 9 :
Cubic Spline Fitting Technique
Real world numerical data is usually difficult to analyze. Any function which would effectively correlate the data would be difficult to obtain. To this end, the idea of the cubic spline 6, 11 was developed. Using this process, a series of unique cubic polynomials are fitted between each of the data points, with the stipulation that the curve obtained be continuous and appear smooth. These cubic splines can then be used to determine rates of change and cumulative change over an interval. 
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,( x n , f n ) be given data points. On each interval [ x i , x i+1 ], a cubic spline S(x) has the following form
Where the coefficients a i , b i ,c i ,d i are to be determined from the definition of "cubic splines" and the interpolatory requirement.
B-Spline
The B-Spline function has been studied for almost five decades. Schoenberg 10 first proposed the theory of the BSpline function. Cox 12 In a B-Spline each control point is associated with a basis function N i,k which is given by the recurrence relations.
N i,k (t) = N i,k-1 (t) (t-t i )/(t i+k-1 -t i )+N i+1,k-1 (t) (t i+k -t)/(t i+k -t i+1 ) ,
. k must be at least 2 (linear) and can be not more, than n+1 (the number of control points). A knot vector (t 0 , t 1 , ... , t n+k ) must be specified. Across the knots basis functions are C k-2 continuous.
RESULTS AND DISCUSSION
Three vessels are chosen for this study. The principal particulars of the vessels are given in Table1. Table 3 consists of ten stations with spacing 2558.8, four water lines with spacing 565mm and two buttock lines with spacing 1000 mm. Figures 1-3 show the body plans of Vessel 1 which are obtained by using both offset table and B-spline, cubic spline and least square curve fitted data respectively. From  Figures 1 & 2, it is clear that all interpolated values agree well with the original offset table data. The body plan using least square curve fitted data is compared with that using offset table data in Figure 3 . From this figure, it is seen that sections at station 2.5, 3, 7, 7.5 & 8 generated using fitted data show some discrepancies with those with original offset table data.
Hydrostatic curves 1, 18 of Vessel 1 using offset table and fitted data are shown in Figures 4-30. Figures 4, 5, 6 and 7 show hydrostatic curves of Vessel 1 using offset table data, B-spline fitted data, cubic spline fitted data and least square fitted data respectively. In Figures 8, 9, 16 and 17, curve of displacement, curve of water-plane area, curve of MCT1cm and curve of TPC of vessel 1 using offset data coincide with those obtained by using interpolated data. In Figure 10 , curve of wetted surface area using offset data coincide with those obtained by using interpolated data except at low draught. Similarly, in Figures 11, 12, 14, 15 , curve of longitudinal center of buoyancy, curve of vertical center of buoyancy, curve of transverse metacenter, curve of longitudinal metacenter using offset table data do not match with those obtained by using interpolated data at low draught. Figure 27 shows the curve of righting lever with respect to angle of inclination for Vessel 2 at draught of 0.6 m using different curve fitting techniques. The righting levers computed using three techniques coincide except slight discrepancies at 60 and 75 degrees of angle of inclination. Figures 28, 29 and 30 show the cross curve of stability using B-spline, cubic spline and least square methods. All curves computed by different techniques are of mostly same nature and same values.
CONCLUSION
The ship lines are faired using B-spline, cubic spline and least square techniques and comparative studies of their hydrostatic characteristics are performed in this research. From above mentioned study, following conclusion can be drawn: i) B-spline and cubic spline curve fitting techniques can be useful in defining and fairing lines plan of ships. ii) To compute hydrostatic characteristics of ship, the results obtained by offset table data are more or less accurate at loaded condition but in most of the cases accuracy is lost at lightly loaded condition. So offset table data is not enough. More interpolated values are required. iii) The interpolation method based on B-spline has been found more effective than those based on cubic spline and least square method for faring of ship lines and computation of hydrostatics and stability of ship. iv) In fairing ship lines, the least square method is not suitable. It shows many deviations at each section from the original values. However, the computed results using least square fitted data shows better consistence with B-spline and cubic spline.
v) Improvement in curve fitting can be obtained by providing more data in a curve region where the slope of a curve changes sharply.
